INTRODUCTION {#sec1-1}
============

Prostate cancer is a growing public health problem worldwide; it is the fifth most common incident cancer in the world. One in six American men will be diagnosed in their lifetime with prostate cancer (PCa), which is the second leading cause of male cancer death in United States.\[[@ref1]\] The incidence of prostate cancer is also rising each year and in China. More than 30,000 men are diagnosed with prostate cancer every year.\[[@ref2]\] Treatment options by hormone ablation therapy, radiation, and surgery for advanced PCa do not offer cure but delay the inevitable recurrence of the lethal hormone-refractory disease.

CD26/Dipeptidylpeptidase IV is expressed on the surface of various cell types. The major physiological function of CD26 is to cleave the N-terminal dipeptide from diverse molecules, such as cytokines and hormones.\[[@ref1]\] It also binds to the extracellular matrix (ECM), which bear a great part of responsibility for cancer invasion. CD26 has been reported to be useful as a marker in some cancers. However, CD26 levels in are not in a consistent trend for various cancers. In some cancer types, CD26 was upregulated, while in others, it was downregulated.\[[@ref2]\] No study on CD26 level has been performed in prostate cancer. Here, we evaluated the CD26 level and its significance in prostate cancer.

The chemokine receptor CXCR4 is a member of the large superfamily of G protein-coupled receptors. It has been revealed to play an important role in a number of biological and pathological processes, including the trafficking and homeostasis of T-lymphocytes and cancer development.\[[@ref3]\] CXCR4 has also been identified as a prognostic marker in a number of cancer types, including leukemia and breast cancer, and recent evidence has highlighted the role of CXCR4 in the prostate cancer that CXCR4 was associated with the survival of prostate cancer patients and activated serine---threonine kinase B (Akt) and Matrix metallopeptidase 9 (MMP 9) expressions.\[[@ref4][@ref5]\]

To provide clues of CD26 and CXCR4 expression in prostate cancer, and possible relationship of these two molecules with clinical parameters, we here detected the expression levels of CD26 and CXCR4, as well as their relationship with the clinical parameters of prostate cancer in a group of prostate cancer patients. The data from this study will benefit further research and understanding of prostate cancer.

MATERIALS AND METHODS {#sec1-2}
=====================

The tissue array containing prostate cancer tissue spots (Lot. PR955) was prepared by Xi'an Alenobio Company (Xi'an, China). All the prostate cancer patients underwent prostatectomy and the tumor samples were pathologically examined. The set of tissue array includes duplicate prostate cancer tissue spots from 36 cancer patients and eight peritumoral normal prostate tissues. The clinical and pathological characteristics of the patients were summarized in [Table 1](#T1){ref-type="table"}.

###### 

Demographic characteristics of the prostate cancer patients in this study

![](JRMS-18-647-g001)

The general two-steps immunohistochemistry staining was adopted. Phosphate buffered saline (PBS) was used in negative control instead of the primary antibodies. The goat Immunoglobulin G (IgG) was used as an isotype control at the same concentration as primary antibodies. Briefly, the tissue array was hydrated in gradient alcohol and antigen-retrieval was performed in Ethylenediaminetetraacetic acid (EDTA)-containing antigen retrieval buffer (pH = 8.0) in 95^°^C followed by 3% H~2~O~2~ incubation for 30 minutes. After blocking by goat serum for 10 minutes, various primary antibodies (Rabbit anti-human CD26 polyclonal antibody (Bioss, bs-2570R) and rabbit anti-human CXCR4 polyclonal antibody (Bioss, bs-1011R)) were incubated overnight at 4^°^C. The corresponding Horseradish peroxidase (HRP)-conjugated secondary antibodies (Zhong Shan Jin Qiao Bio Tech., PV900) were incubated for 25 minutes at room temperature before visualization by diaminobenzidine (DAB) reagent. The tissue array slides then were stained with hematoxylin and mounted with slide cover for microscopic evaluation.

The interpretation of the tissue slide staining was independently performed by two experienced pathologists. The diagnosis was conformed and the final score for each sample was calculated by averaging the two scores from the two pathologists. The criteria for staining evaluation were as follows:\[[@ref6]\] 0, \<5%; 1, 5-25%; 2, 26-50%; 3, 51-75%; 4, \>75%. The intensity of the staining was also graded: 0, negative; 1, weak; 2, moderate; 3, strong. For each tissue spot, a score between 0-12 was achieved by multiplying the extent of positivity and intensity. The final score was the average of parallel tissue spots. Scores were classified as strong (8-12), moderate (4-8), and weak (0-4).

The data were statistically analyzed with Statistical Package for Social Sciences (SPSS) 16.0 software. The difference between parameters was compared with nonparametric test and correlation analysis was performed with Spearman test. *P* \< 0.05 was considered as significant.

RESULTS {#sec1-3}
=======

The pattern of expression for CD26 and CXCR4 was predominantly cytoplasm and membrane staining in normal and cancer tissues. The expression levels of CD26 and CXCR4 in cancer tissues were both significantly higher than that of normal tissues \[[Figure 1](#F1){ref-type="fig"}\].

![Representative expression of CD26 and CXCR4 (a) brown colored cytoplasm and membrane staining with CD26 and CXCR4 is found in most of the tumor cells with higher positivity and intensity than normal tissue. CD26 expression overlaps with CXCR4 expression in consecutive sections of same tumor tissue, suggesting a possible cooperating mechanism for the two factors in prostate cancer (b) comparison of CD26 and CXCR4 between tumor and normal tissues](JRMS-18-647-g002){#F1}

High levels of CD26 and CXCR4 were significantly correlated with each other (*r* = 0.500, *P* \< 0.001) \[[Figure 2](#F2){ref-type="fig"}\]. From the consecutive serial sections, we can see the expression of CD26 and CXCR4 was basically overlapped, suggesting potential regulation between these two pathways in prostate cancer \[[Figure 1](#F1){ref-type="fig"}\]. The CD26-positive tumors were significantly with higher CXCR4 expression.

![Correlations between CD26 and CXCR4 expression. The strong correlation between CD26 and CXCR4 is found (*r*=0.500, *P* \<0.001)](JRMS-18-647-g003){#F2}

Among the 36 cases, we analyzed the correlation of CD26 and CXCR4 with other pathological and clinical parameters. CD26 was highly recommended as a marker for prostate cancer marker since it was significantly correlated with PSA level (*r* = 0.334, *P* = 0.043), tumor residue (*r* = 0.471, *P* = 0.022), cancer stage (0.572, *P* = 0.000), and tumor size (*r* = 0.616, *P* = 0.000). We did not find the significant correlation of CD26 with other clinical parameters, such as cancer metastasis. For CXCR4, we only found that it was correlated with tumor residue (*r* = 0.456, *P* = 0.011) but not other parameters \[[Table 2](#T2){ref-type="table"}\]. CD26 expression was increased with cancer stage advancement \[[Figure 3](#F3){ref-type="fig"}\].

###### 

CD26 was correlated with PSA level, tumor residue, stage, and tumor size, while CXCR4 was correlated with tumor residue
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![CD26 expression was increased with the advancement of cancer stage. CD26 expression reached a very high level at the stage IV (*P* \<0.01)](JRMS-18-647-g005){#F3}

Moreover, we saw certain percentage of ectopic expression of CD26 and CXCR4. In normal tissues and in most of the cancer tissues, the expression of CD26 and CXCR4 were in cytoplasm and on membrane. But in some cancer cases, the nuclear expression of these two markers was observed, which was statistically higher than that of normal tissues (*P* \< 0.05) \[[Figure 4](#F4){ref-type="fig"}\]. By correlation assay, we found that the nuclear expression of CD26 was correlated with the age of cancer patients but not other parameters.

![Ectopic expression of CD26 and CXCR4. The localization of CD26 and CXCR4 was expected to be in the cytoplasm. In the prostate cancer tissues, CD26 and CXCR4 were expressed in cytoplasm and nuclear at various extend](JRMS-18-647-g006){#F4}

DISCUSSION {#sec1-4}
==========

Prostate cancer is a prominent problem in aged men in Western countries and also has been drawing increasing attention with the progression of China into an aged society. Currently, surgical procedure in the early stage is expected to result in best prognosis. There are no satisfying strategies when the disease develops into an advanced stage except for palliative androgen deprivation therapy. It is an urgent task to explore the mechanisms of prostate cancer to hatch novel therapeutic strategies.

CD26 has been recognized as a marker of T-lymphocytes activation. Recently, it has been reported to be associated with malignant behaviors in various cancer types.\[[@ref2][@ref7][@ref8]\] CD26 plays important roles in tumor behaviors with its levels on the cell surface increased in some cancer types and decreased in others.\[[@ref2]\] Silence of CD26 by specific Small interfering Ribonucleic Acid (siRNA) inhibited cell growth, enhanced sensitivity to selected chemotherapeutic agents, and enhanced survival of tumor-bearing mouse model.\[[@ref2]\] Pang R *et al*., identified that a subpopulation of CD26+ human colorectal cancer stem cells were enriched for metastatic capacity.\[[@ref9]\]

Key points in this paper: 1) CD26 and CXCR4 was up-regulated in prostate cancer comparing with their normal counterparts; 2) CD26 was correlated with CXCR4 expression in the prostate cancer tissue samples, indicating potential interacting networks between the two pathways; 3) CD26 was correlated with PSA level, tumor residue, cancer stage, and tumor size highlighting its significance in diagnosis and prognosis of prostate cancer patients. All these data suggest an active role of CD26 during prostate cancer development and advancement.

However, as the only previously reported data on CD26 in prostate cancer we know, Sun YX *et al*., found that CD26 regulated the metastasis capacity of prostate cancer cell line.\[[@ref10]\] They suggested that inhibition of CD26 may be a trigger for prostate cancer metastasis. This is not consistent with our results that CD26 expression is correlated with the stages but not metastasis of prostate cancer. The reason for this discrepancy remains to be investigated. But they did not evaluate CD26 expression in prostate cancer tissues. They drew the conclusion from cell line research and they used a co-culture system with endothelial cells. The system and methods used in the study may, in part, explain the difference in the data between the two studies. We suggested that CD26 has a positive correlation with prostate cancer malignancy by showing the relationship of CD26 with PSA, tumor residue, cancer stage, and tumor size. PSA is a well-accepted clinical marker for prostate cancer recurrence and prognosis. The correlation between CD26 and PSA indicates a potential clinical application of CD26 as an indicator of prostate cancer status. The trend of CD26 in prostate cancer reported in this paper is consistent with that in leukemia and hepatocellular carcinoma.\[[@ref11][@ref12]\] Varona A suggested that CD26 expression is tumor-type-dependent.\[[@ref13]\] CD26 was considered as a novel therapeutic target for cancer and immune disorders.\[[@ref14]\] Further study will define the expression pattern of CD26 in various cancer types which will provide detailed clues for CD26-targeted cancer therapy strategies.

CXCR4 is the receptor for stromal cell-derived factor-1 (SDF-1/CXCL12). The SDF-1/CXCR4 axis plays an important role in prostate cancer metastasis,\[[@ref15]\] especially metastasis to bone.\[[@ref5][@ref16]\] However, in our study, we did not find a significant correlation of CXCR4 with other parameters except for the correlation of CXCR4 with CD26. This may be caused by the relatively small sample size. Before this study, no relationship between CD26 and CXCR4 in prostate cancer has been reported. But several papers had indicated a CXCR4/CD26 interacting network in other biological systems. CD26 may directly modulate SDF-1α/CXCR4 axis to activate human lymphocytes.\[[@ref17]\] Altered CXCR4/CD26 balance will impair the recruitment of Hereditary Hemorrhagic Telangiectasia Type 1 (HHT-1) mononuclear cells in the ischemic heart. Here, we did not find the correlation of CXCR4 with most of the studied parameters.\[[@ref18]\] We need to testify the result in a larger sample group in the future to avoid the false negativity resulted from a limited sample size.

The ectopic expression of some protein molecules in cancer tissues is not a rare phenomenon. A typical example is the localization of beta-catenin in cancer samples. Normally, beta-catenin is expressed in cytoplasm. During carcinogenesis, it is translocated into nuclear to activate a series of cancer-related genes.\[[@ref19][@ref20]\] Metastasis-associated protein 1 (MTA 1) is another example for ectopic expression during carcinogenesis. MTA 1 is normally expressed in nuclear to regulate transcriptional status of chromatin. However, it is translocated into cytoplasm increasingly with the advancement of cancer stage in esophageal squamous cell carcinoma.\[[@ref6]\] Though, we don't know the mechanisms of CD26 and CXCR4 nuclear localization yet, this result provides new clue for their roles in prostate cancer development.

Among the 36 prostate cancer cases included in this tissue array, eight have bone metastatic tumor samples in the array. But the decalcification process of bone samples made the immunohistochemical staining unreadable with background brown color. Also, for a relatively short period of follow-up, only three patients were dead of cancer at the time of analysis, which made the survival assay impossible. These are the points to be resolved in further studies.

In brief, we found the significance of CD26 as a marker for prostate cancer malignancy and the correlation of CD26 with CXCR4. Though there are limitations in drawing more conclusions from the study because of the limited sample size and integrity of data of the cases, this study adds new insights into the prostate cancer profiles which had not been reported before and guarantees further exploration of CD26 as a therapeutic target in prostate cancer patients.
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